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" FAILURE WODE &ND

{emns wgtian funclicns of zoom,
locus, obd iris, Jo nod respend o
cunpands, (electrical Tailured.
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A1 27444A0-504 Stapper Holor bDrive
A2 PPUORT=-50] Puwer Supply Command
Hucehvers

uriin

FATLIRE EFFFCT
OH END STEH

RATIOMALE FOR ACCEPTAHLE

Lnability to cantrol
forus, zoam, or irig.

Mursy Lasei
Lase af missionm critlcal
canera video.

NESTGH FEATURES

Fhe T¥C/lens Assembly is comprised of 16 electrical subassemdlies) |3 subassemblies
are RCA Aeiro designed and fabricatad using slandard pripted-circuit beard Eypa of
Lupstruction. The wemaining three assamblies, high voltage power supply, ascillator,
and stepper motars, are vendor supplied compunents nhich hava been specified and
purchased accerding ta RCA Specificatien Lontrol Drawings {5C0s] prépared by engi-
naering and reliability assurance. Specifications per the 5(0 are grepared to
estebllsh the design, pevfarmanco, best. qualificatbon, and accepbanca roqui rements
far a procured plece af agulpment.

Parts, materials, processes, and design puldelines Ear the Shuttle {CTY program are
specl fied #n acuvardance with RCA 2905h03 . This docuoment defines bhe program redquire-
weats For salection and control of EEE parts. To the pawimum extent, and cansislent
wilh availabllity, ali paris have been selacted from military specifications ak the
Jek level, as & minimuu, In addition to the overall selection criteria, @ subsel of
general purpase preferred parts has been defined by this duzamenl and khe RCA Bovern—
meat Systems Division Standard Partg List. In the caze of the CMDS and TTL family uof
mitrocircuits, devices are screenag anl tesied to the HIL-STO-883C equivaleat and
procuced under the designationt of HI-RELAING and SMC BALS from RCA=550 and Texas
Instruments Corp, res?eclively. Parts nat hncluded 3n the zbove documents have besn
wsed in the design enly afler a nenstandard 1Lbam approval torm (NSTAF} has been pre-
parad, submitted fa Haliabilily Assurance Engineering (RAL) and approved far use in
Lhe specific application|s) defined in iha HEIAF by HASA-JSC.

Warst-Case Circuit Analyses have beem parformed and docwmented Faor all cirguit
dasigqne to demsnstrate that sufFicient operating margins esist for all cperating
condtions. The analysis was morst casa—ia thai the value for each af the variable
paraneters was set to limits thal will drive the gutput to 2 maximum {ar ninimem}.

A Conponent atp1icatinn revigw ang analysis was conducted to werify that the applied
stress on gach piece parl by fhe temparature eslrames identifiad with eavivonmental
gualification tesling doet nnt exceed Ehe siress devaling valoes identified in RCA
2295303,

[n sodition, an pbjeclive emaminabion of the dosipn was perfarmed through a PDR and
CDR to verify that the TVC/Lens assembly aet specificatios and contracius} réequire—
ments.
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Lens molion fonctiens of zow, DESIGH FEATURES (Continued)
tocus. and 1ris, do nol respong to :
commarnds, {electrical failurel]. BARE BOARD COMETRUCTION (A1)
Inability ta conkbrol )
HIL % lecus, zoom, or iris. The boards ara of “welded wire* canstruckion. ALk the bare board level this deas net
Al Z204HR0-504 Seepper Hotar Drive distinguish it from 4 narmal PC baoard except that holaes which will Lake wald gping
Al 22048081501 Power Svpphy Command | Horst {ase: generally are ot coanected Lo PE bLraces. dnly those gins which bring power and
kecaivars toss of mission critical growsd patenktials to tha I[Cx are on PCs.  An annular risg surrounds the fole in the
Canera wided. beavd where each power and ground pin s located. These ping are then solderad to

tha traca Tika any uther cumponent bead. Aside From this Featwre, all design
& construclion tedmigues vsad in PC board layout apgly.

OOARD ASSERBLY (A1)

The drilled and etched boards are populated with several hondred sulderable ur
weldakla pins. Pawer and ground pins. as well as cosuector ping, are soldared in
lace. Discreet components |resistors, divdes, capaciltors) are attached ie
ifurcated terminals, where they are soldered. Flatpack ICe ara walded,
tead-by-lead.to the tops af the wald pini. After weldiag, satra lepd material is
trimmed away. Circuit connectiaons are made osing &30 AUE ajckel wild wire. The
wirg is wetded to the pin surfaces on the board backslde. All wire welds are dnﬁe
uiing a maching which s tapa driven, thus elininatisg the pﬁisubt11tr af miswiring
doe ta operator error. A)] wicing & circudt perforsance is tested prior to
hoe—tewel installation. After successFul Lesting, cemponsats are staked as wequired
hy drawing notes and the assembly is coated with vréethane.

The board is inserted in the bex on card-edqe quidas, ia tha sane manner as tha other
PL boards.
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FallixkE HIDE AHL FAILURE EFFECT |

o _CausE 1 OMEND ITFM . KATIGHALE FOR ACCE PTAMCE
“ent matian Tumclions of zaom, DESTGHN FEATURES IContinued)

Focus, and iris, do nol respend to
comwands, {elecirical tailure). i bARE BOARD DESIGM {AZ)
Inability to contrul
Ly fecus, zoow, ar iris. Tha gesign fur tha assaciated boards A2 are conshruckad froe laminated

a] 2234880-504 Stepper Hotor Drive copper-clad epoxy glass sheels {NEHA B-10) Grade FR-4}, FER HIL-P-53617A. Civcuit

82 2794861-501 Power Supply Foaward | Horsl Caset cunneclions are made through printed traces which run From point Lo puint on the
Heceivers Lpss of mission critical buard Surfaces. Every Lrace Lempinales ab an annular riag. The annuler ring
Canera vides. surrpunds Lhe hole in =hich a companent lewd or terminal 15 located. This ring
provides a foating for the seldsr, ensuring goad mechanical and electrical
performence. Ils size and shape are governed by HIL-P-55640 as are trace widihs,
spacing and rauting. Thess requirements are relteratied srﬂl:‘ifll:a'l'ly in drawing
ngtes to further assure compliance. Variations between the artwork master and Ehe
final product (due 1o irvegutarities at the etching process) are also controlled by
drawing nates. This prevents paking deteclive hoards from good artwork. Holes which
house no bead ar terminal, bub sewve only Lo electrically interconnect the different
toard layers, contain stitch bars for mechanicsl support and incressed reliabilily.

The thru holes are deilled from a drill tape thus aliminakting the paszibility of
humen error and allowing tight control over hale and annular ring coacenbricity. an
important rebiability critecion, Afier drilling and etching, All copper cladding is
tin-lead plated per HIL-5TD-1435. This provides for casy and re]iah?e soldering ak
thi tine of hoard assembly, even after periods of proloaged storage.

BOAKD ASSERELY DESIGH (A2}

411 canpanents are installed in a2 manper which assures maaimun reliabiTity.
Componenl Yeads are pre—tinnad;, allowing tutal wailing of szolder Joinks. ATl Yeads
are formed to pravide sbress raliel and the budies aof large companents are siaked.
$pecial muuniling and handlirg inskructions are included in sach drawing required
atkar final assémbly. Fhe board is coabed wilh urethane whick protects against
homidity and coateulnatiaon,

BOARD PLACEMENT

The board 15 secered in Lthe plecironics assecbly by .
gu1d-Elated beryllium copper card guides. Cennections are made ko the mother board
with blind=mated cpanectors. Disengagenenl during Yawech 15 prevecied by a cover
which spans the board's fres edge.

11Fhie . 2-52
P F 9
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FATLURE HOOE AN FAILURE EFFECT
CAlISE DN EHD JTEH RATIONALE FOA ACCEFTAMCE
Leas motipn Functinns of room, fus IFICATION TEST
fucus, ard iris, do nel respund to ]
cunmands, {electrical failure). For Qualification Tesk Flow, see labde 2 located ab the Front of this book,
Inakilily Lo cankrol
H 5 forus, zooM, or iris.

w1 2294888-5049 Stepper Holor Brive
47 22048B1-501 Puwer Sopaly Conesand :

keceivers loss of missinn crikical
Camera wideo.
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RATIOMAIE FON ACCFPRANCE

Liegs motion Functions of zoom,
tocus, and iris, do not respord to
il , (elecblrice} failure).
lrabiTity to coniral
MLA folus, Zpo@, ar iris.
&Y 2294808-504 Sicpper Molbor Drive

A 2S48 1-53) Powsr Swpply Command ;

Ruoceivers Less of micsian critical
camerd vides

Ui

ACCEPTAMCE TEST

The CCIV systems' TVCAHIA i5 subjected dirvectly, without vibration isolators which
might be used in their normal installation, ko the followiag kesling:

20-B0H: :
B0-350 Hz;
IS0-750 N=x:
test Duratian?

& Vikralioen: k| dB!ﬂEt—riSE fru 0.0 Ezfﬂz
0.44 G-flz
-3 oB/10 Oct—slape

1 Hinute per Awit

Fest Level: 6.1 Grus
o Therngl Vacuum; [noo pressoure of ™12 Torr, the tenperature shall be as
FolTows:
12%% F: Time to siablize equipnesnt ples 1 howr
25% F: Time Lo slablize eguipment ples 1 hour
125% F: Tiae to ciablize equipnent plus 1 howr

The TWC/HLA may et have been subjecied to the vacuwn cenditian.
tor Acceptance Test Flow, see Table | localed at the fronk of bthis book.

UPLEATTONAL TESTS

[n order w0 werify that CETY conponents &re vperatiuns], & test musl verify the
health of all the conmand rélated components From bhe PHS (ATR1) pasel swikch,
thraugh the RCU, through the syne Tines ta the Cameras/FTU, to bthe Comera/PEU command
dzcader. The test wotk ales verify the camara's ability Le produce video, Lhe WSl's
apility to roote video, asd Lhe aonitar's ability bo display wideo., A similar test
wauld he performed to veriFy tha WDM comvand path.

Pri-Launch an Urbiter Test/Tn-Flight Test

1. Power CCTY Spnlem.

2. ¥ia the MIS panel, select a monklor as destination and the Camerd under
EE5L 45 S50UrCe.

1. Send "Capera Fower On" command from FlI: panel.

4. Splect "External Sync" on manifor.

. Obhserve videa dizplayed en monikor. Note thabt if video on moaitor is
synchronized {i.e., stabla raster] than this indicates that the <amera
is receiving composike sync fron bhe ROU and that the camerd is producing
synchronized videy. '

6. Sead Pan, Tilt, Focus, Zoom, BLR, AMD Gomia conmangds and wisually (2ither
vida Lhe mwoeniler or direct phsevvation) verify pperation.

7. Select dwnlink as destination and canera under test as souvrce.

8, Obhserve videw ruuled Lo down’ ink.

. %Send “Camera Power OfFY command wia FUS pamel .

IF. Repieal Steps 3 throogh 9 excepl issuve comnandsy wie the HOM coamand path.

Thiis praves Lhal the CCIY equipmant is eperatiocnal.
e e . .
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FALLUKE MIDE AHD

CALSE A

wns wotioa functians of zoum,
jnews, and iris, oa not respond 1o
cmmnanady, (elactrical failure}.

LI

L1 2P94880-504 Stepper Malsr Drive
Wwo2294881-501 Fower Supply Commond
Breivers

FATLIURE EFFECT
04 EnD TTEY

BATIOMALE FOR ACCLEIANCE

inability Lo control
facus, #oom, or iris.

Wurst Case:

Loss of mission ceitical
comera wivep.

QA/IHSPECTION

Frorurepent Control — The TWCAHLA EEE Parts and hardwave items are pracured From
appraved veaders and suppliers who meet the requirements set forih in bthe CCTY
cantract and Quality Plan Work Statemsat (WS-2593176&]. Hesidank DCAS paesonnal
review all procuramant documents to establish Lhe need for GSI on selectad parls
(PAL 517].

Incoming Inspection and Stoarage - Incaming Quality inspections are rnade os all
receivad mater1als and parts. Hesulbs are racarded by Tot and retalned in File by
drawing and contro) nuabers for fuiure reference and trac&ahilita. AMl Eit paris
are subjected tn incoming accepbance lests as ¢alled for ia PAL 315 - lnceming
Inspection Tesi Cnstroctions. Incaming €1ight perks are further processaed in
accardance with RCA THAEEEd = Praconditioaing and Acceptance Regquiraments for
Electranic Parts, with the gacepiion Lthat DPA and FIHO testing is mot performed.
Mechanleal ifems are inspecied per PRl 316 = lacoming Inspection lastruclicns for
mechanical items, PAL 3% - EIncoming Quality Cantrol Insgeciian Instruction, and
PaT 612 - Procedure for Proacessing Incoming or Purchased Parts Désigrated for Flight
Use. Accepled items are deliversed to Haterial Controlled $igres and retained under
gpecified candicions until fabrication is required . Man—comforming materials are
hield fur Heterie) Review Bpard (HRB) dispoesilian. (PAI-107, PAl 1QC-53N.)

Board assemhily B Test - #rior ta the stert of MLA board assenbly, all itews are
werified ko be carract by stoch rooam personnel, ag bhe items are accoswlated to
form & kie, The items are verified again by the operator who assembles Lhe &it by
checking against bhe as—Luilb-parts-lici (ARPL). BCAS Mandaktory laspection Points
are designated far all printed circuitl, wiré wrap and welded wire boards, plus
farness connectors Tor soYdering wiring, ¢eimping, solder splices and quality
worknanship priar to coating of vthe coopoaeat Side af boards and sleeviag of
harnesses.

HLA Boards

Specific instruclions are given in assembly drawing neles ang upplicable documents
called out in the tabrication procedire and vecord (FPR-Z2300088) anmd Parts List

PL 2307030, These include wireg connaction Tist 22952, Hotes — wide angle zoam
Yens assy 2303191, Process Stomdard - bomding stahing, potking, encaEsulating
2200678, Specification — Urethane protective costing 2280877 and Warkmanship Spec
LNET] L EL
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’ i UNIT __ TNC/HLA :
IHER MO, _ 2. 00,1 . — ) SHUTTLE CCTY DWG NO. __ 2794813-506. 3087 _
ERITIEAL TTEMS LIST = -
CITLCALITY £i2 ) SmEET ¥ 0 __ D3
FALLURE HODE AWD FRILURE CFFECT
— CAGE D¢ FHO TTEH ] . BATIORALE FOR ACCEPTAHCE —
Lens motion functions af zonm, OA/THEPECTTOR (Continued)
focus, and iris, do ot respend to
cownanns, {electrical Failure}. [nability lw conkrol HLg Asserbly and Test - An open bow test is parformed par TP-IT-23070B8, Accepiance Tesl
focus, zoom, ar iris. por TR=A3~Z30T7008, Torquas are specified and Witmassed, traceability numbers are recqgrded
L and calibrated tools are chécked prior té uwse. RCA Qualilty and DCAS inspections are
A1 #204880-5404 Stepper Hobor Orive Worst Cage: perfarmed at the completion of specified FFR operations ia accordance with Pal 204,
Ar ?7948A0-501 Power Supply Command | Lass of missian critical BAl-205, PAI-217 and PAI-4D2. DCAS pevsonnel wilness WLA button—up and critical
[ereivers cawara video- terquing. :
I¥CM A - After a TWEAHLA have bean tesbed individually, they are rabed and
a final acceptonce test is performed per TP-AT-2204H19, including vibratien and
thormal varuum anvlronmenls. HCA and ©CAS personnel monitor these lests and review
Lhe acteptance Lesl datafresults. These persoanel also inspeci after all repair,
rework and relesl.
Preparabicn far Shipment — Tha TVC and MLA are separated prior ta shipweat after
Fabriration and testing is complete. Each is packaged according bo LCIV Letter BOI
and 2200746, Prpcess standavd fer Packaging and Handling guidelines. All related
ducumenblatian including assennly #rawings, Parts List, A9PL, Test Data, etc., is
: gathered and #eld in a docunenlation folder aysignod epocifically to each asseably.
This falder is retained For reference. An EID? is prepared For each assenbly dn
accardance with the roquirements of WS-2693136. ACA QC and DCAS personnel witnes:
crating, packaging. packing, and marking. and review ihe £1DF fur cempleleness and
accuracy.

LT £-his
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SHUTTLE CETV DHG WO, eed4819-006 . 5007
CRITICAL ITEMS LISK A24830-503 0000
SHEET 2 oF .0

FAILURE MODE AND
CLSE

“FAILLRE EFFECT
O EMD ITEM

Lens mation functions ofF zoom,
tocus, and iris, 4o nol respond Lo
commands, (eleclrical Failure).

Hi 4

Al EZ94800-5045 Stepper Hokor Drive
AZ 2254881-501 Pover Supply Command
Keceivers

Worst Case:
Loss af mission Critical

Cnability tu cuntrul
fofus, o0, oF iris.

canera video.

RATIOMALE FOR ACCEPTAMCE L

FAILURE RISTORY
-INE R=3536 Log #3130 MLA 5/H0 1=502

+ Prelannch Test Failure Box ievel &mbient Enviroament. Zoom funetion
daesn'l operate properly - Ref MASA repart ER3CADIIY,

Cause: Inkermitlent zoom function cowld sat be duplicated.

Carrective Action: Spring teansions were readjusted to specification limiks] this
way have bean a contributory factor. Unit was retested, including flight Afcpptance
wibration and thermal—vecuum, with no anomalies. [ncorporated ECH CCT 842

TOR Y135 Log #0815 MLA S/HOZ23-502

Description: Acceptance Tesk Failure, Buw Level, Thermal Vac-tob environment.
Iris function stalled at 529 and irig ring chatters.

Couse: Temp-lack matevial inadvertanlly Yaft 3o lans assembly by vendsr, alsp
spring Torce set tdo high.

; i Lipa: Spring lenstons were adjustad to new luwer Lergue reguiremenl
per FPA.  Hew thermal test For lans assemblies during intagratian testing to
preclude noted failure.
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UNIT | [¥C/MLA
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FATLURE HORE £MD
LAUSE

FATLURE EFFELT
OH EHIt TTEH

RATIONALE FOR ACCERTANCE -

Lens mation funciians of xoom,
frcus, 4md Tris, oo not (ehpand ta
coamands, {electrival failure].

HLA .

Al 2H900B)-504 Slepper Malar Drive
AP 22948R1-501 Pawer Supply Coramaad
Hoceivers

Graik

[nability to contrel
foiug, xpam, or iris.

Loys of wission crikicad
camara videuo.

DPERATIONAL CFFECTS

Lass of video. Passikle less af major sission chjectives dve to loss of HHS caneras
or ather required cameras.

LREW ACTIONS

bf pussible, rontinue BHS operations wusing alteraative visual cues.
CREW TEATHING

Cresw should be trained to wse possibla alternatives ta CCTU.
HLS3I0N CONFIRAINT

Where possible, procedures shoukd be designed so bthey can be accomplished withaut
CCTY.

2-58



